Background/Aims: To evaluate the era of direct acting antivirals (DAAs), we must understand the treatment patterns and outcomes of interferon-based therapy for hepatitis C virus (HCV) infection. We aimed to elucidate the treatment rate, factors affecting treatment decisions, and efficacy of interferon-based therapy in a real-world setting. Methods: This nationwide cohort study included 1,191 newly diagnosed patients with chronic HCV infection at seven tertiary hospitals in South Korea. Subjects were followed retrospectively until March 2015, which was just before the approval of DAA therapy. Results: In total, 48.2% and 49.3% of the patients had HCV genotypes 1 and 2, respectively. Interferon-based therapy was initiated in 541 patients (45.4%). The major reasons for no treatment included ineligibility (18.9%), concern about adverse events (22.3%), cost (21.5%), and an age >75 years (19.5%). Interferon-based therapy was discontinued (18.5%) mainly due to adverse events (n=66). The intent-to-treat analysis found that the sustained virologic response (SVR) rate was 58.3% in genotype 1 patients and 74.7% in nongenotype 1 patients. Conclusions: Approximately one-third of newly diagnosed HCV patients in South Korea received interferon-based therapy and showed a suboptimal SVR rate. Diagnosis of patients at younger ages and with a less advanced liver status and reducing the DAA therapy cost may fulfill unmet needs. (Gut Liver 2017;11:543-550) Key Words: Hepacivirus; Therapeutics; Peginterferon alfa; Ribavirin; Sustained virologic response
INTRODUCTION
Chronic hepatitis C virus (HCV) infection is the leading cause of cirrhosis, hepatic decompensation, and hepatocellular carcinoma (HCC). More than 185 million people around the world have been infected with HCV. Of those infected with HCV, 350,000 die each year, making HCV infection a major public health concern worldwide. 1, 2 The global distribution of HCV prevalence and genotype has shown significant variation across regions. 3 Moreover, interferon-based therapy for HCV infection has shown differences in outcomes and treatment efficacy that are associated with epidemiological and racial variations. According to previous studies, the sustained virologic response (SVR) rate of pegylated interferon (pegIFN) plus ribavirin (RBV) therapy is higher in Asian HCV patients compared to that of Caucasian HCV patients. [4] [5] [6] Nevertheless, actual treatment initiation rates were documented to be as low as less than 10% in many countries. 7, 8 MATERIALS AND METHODS
Patients
A total of 1,191 newly diagnosed, treatment naive patients with chronic HCV infection aged >18 years and positive for HCV RNA were included in this observational, multicenter cohort study. Subjects were enrolled between January 2008 and December 2011 and were observed until December 2013 at seven tertiary hospitals in South Korea. This nationwide study included institutions located in the capital area (Seoul National University Bundang Hospital, Soonchunhyang University Bucheon Hospital, and Inje University Ilsan Paik Hospital), three different metropolitan cities (Inje University Pusan Paik Hospital in Busan, Chungnam National University Hospital in Daejeon, and Keimyung University Hospital in Daegu), and the Jeolla province (Chonbuk National University Hospital) (Fig. 1 ). This study was approved by the Institutional Review Board of the seven hospitals, and written informed consent was waived because this study was based on the retrospective review of existing medical record data. All data were de-identified prior to analysis.
The diagnosis of chronic hepatitis C was based on the persistence of anti-HCV and HCV RNA for more than 6 months regardless of aminotransferase levels. Liver cirrhosis was defined by histological examination or by one or more clinical findings of portal hypertension: 9 (1) cirrhotic appearance of the liver with splenomegaly on imaging study (ultrasonography, computed tomography or magnetic resonance image); (2) thrombocytopenia (platelet <120,000/mm 3 ); (3) presence of esophagogastric varices on endoscopy; (4) presence of ascites; and (5) presence of portosystemic encephalopathy. Decompensated liver cirrhosis was defined as the presence of significant jaundice (total bilirubin >2 mg/dL), ascites, variceal bleeding, or portosystemic encephalopathy. HCC was diagnosed based on histological findings or typical imaging characteristics as defined by the Korean Liver Cancer Study Group and the National Cancer Center guidelines, 10 which are similar to AASLD guidelines.
Baseline comorbidities (obesity, cancer, thyroid disease, psychiatric disease, cerebrovascular disease, cardiovascular disease, kidney disease, and diabetes) were described, and the comorbidity index was calculated by the Charlson Comorbidity Index, 11 which has been validated in many diverse patient cohorts including those with liver cirrhosis.
Data collection for treatment pattern and efficacy of antiviral therapy
During the study period, DAA was not available in Korea, so all anti-HCV treatments were interferon-based therapies, which included either conventional/pegIFN or RBV or both after the index date. Clinical factors related to treatment initiation were retrieved from each patient's medical chart and were reviewed by trained investigators. For those not-treated against HCV, their reasons for no treatment were categorized into "ineligible," which indicated the attending physician did not recommend antiviral treatment, "unwillingness," which meant the patient refused antiviral treatment against the physician's recommendation, and "unknown." These three categories (ineligible, unwillingness, and unknown) were mutually exclusive, but more than one detailed reason could be listed under each category. Investigators were regularly educated during the study period on the standardized review of medical records.
The definition of treatment efficacy followed the clinical practice guideline for hepatitis C by the Korean Association for the Study of the Liver (KASL). 12 Briefly, a rapid virological response (RVR) is defined as undetectable HCV RNA level when measured by a sensitive assay with a lower detection limit of <50 IU/mL at treatment week 4. An early virological response (EVR) is defined as undetectable HCV RNA (complete EVR, cEVR) or a ≥2 log reduction in HCV RNA compared to the baseline level (partial EVR, pEVR). An end-of-treatment response (ETR) is defined as undetectable HCV RNA at the end of treatment (EOT). SVR is defined as undetectable HCV RNA at 24 weeks after completion of pegIFN-based treatment. Viral breakthrough (VB) refers to the reappearance of HCV RNA during treatment after an adequate virological response, and relapse is defined as the reappearance of HCV RNA after EOT. Measurement of adverse events was described based on the medical chart review by the attending physician. Owing to the limitation of retrospective design, the grade of adverse events could not be evaluated. 
RESULTS

Patient characteristics
The baseline characteristics of 1,191 patients newly diagnosed with HCV RNA positivity were summarized in Table 1 . The mean age was 57.5 years and 50.5% were females. Of the total of 904 patients (75.9%) who tested for HCV genotype, 436 (48.2%) were genotype 1, 446 (49.3%) genotype 2, eight (0.9%) genotype 3, three (0.3%) genotype 4, and 11 (1.2%) genotype 6. Of the 436 genotype 1 patients, 18 (4.3%), 382 (87.6%), and 14 (3.2%) were subcategorized as type 1a, 1b, and 1c, respectively (Table 1 ). There were 477 (49.8%) patients with high viral loads above 800,000 IU/mL, and most patients (896, 75.2%) were diagnostically categorized as having chronic hepatitis. Regarding comorbidities, the median comorbidity score was 1.94±1.8, and the most common non-liver related comorbid disease was diabetes mellitus (150, 12.6%) ( Table 1) .
Treatment rate, its related factors, and comorbidity
Interferon-based antiviral treatments were initiated for 541 patients (45.4%) with chronic HCV infection ( Fig. 2A) . Treatment initiation and withdrawal rates were significantly different between hospitals (p<0.001, respectively) ( Fig. 1 ). The comparison of clinical characteristics of the 541 treated and 650 untreated patients were summarized in Table 1 . Mean age at diagnosis of treated patients (51.2±11.3 years) was significantly younger than that of untreated patients (62.8±13.4 years) (p<0.001), and only five (0.9%) among the treated patients were more than 75 years old. Gender and genotype did not affect treatment decision. Higher viral load was observed in treated patients than in untreated patients (median, 9.53×10 5 IU/mL vs 6.55×10 5 IU/mL, respectively, p=0.002).
Liver disease status was a significant factor for treatment decision (p<0.001) ( Table 1) . Of treated patients, 478 (88.4%) had chronic hepatitis and 53 (9.8%) had compensated cirrhosis. In other words, 53.3% of chronic hepatitis patients received antiviral treatment, but treatment initiation rate fell with disease progression: 34.4% in compensated liver cirrhosis, 14.3% in decompensated liver cirrhosis, and 4% in HCC patients. Similarly, the proportion of Child-Pugh class B or C patients was significantly different between the treated and nontreated groups (p<0.001). A total of six decompensated liver cirrhosis patients received antiviral therapy. They were all of "decompensated" status due to the presence of ascites, which was controlled with diuretics. They had no other evidences of decompensation such as jaundice, variceal bleeding or encephalopathy.
Charlson comorbidity score of the treated group was significantly lower than that of the untreated group (1.35±0.89 vs 2.42±2.14, respectively, p<0.001). Among 150 patients with diabetes mellitus with or without complications, 54 (36%) were treated with PR therapy. The number of subjects with myocardial infarction, heart failure or cerebrovascular diseases, and thus the number of subjects likely to use drugs such as statins or digitalis, which have significant interactions with most DAAs, were seven (0.6%), eight (0.7%), and 18 (1.5%), respectively.
Reasons for not treating chronic hepatitis C patients with interferon-based antiviral agents
The reasons for not treating patients were summarized in Fig.  2B and Table 2 . Among 650 untreated patients, 205 (31.9%) were judged to be ineligible for antiviral treatment using PR regimen by their physician. Of the 205 ineligible patients, 100 (48.8%) had advanced liver disease (61 HCC and 39 decompensated LC), and 13 subjects had contraindications for PR therapy and accounted for only 2% of untreated patients. Of 310 patients (48.2%) who were unwilling to undergo therapy (unwillingness), 140 (43.6%) refused antiviral treatment due to burden of cost (about $300-400 of the patients' shares per month for pegIFN, RBV, and blood tests for treatment monitoring) and 145 (45.2%) due to fear of adverse events during antiviral treatment. A total of 127 patients (19.5%) were not indicated for antiviral treatment due to old age. As each physician's decision to treat elderly patients (>75 years old) with chronic HCV infection was inconsistent, advanced age (>75 years old) was included in both categories of reason-for-no-treatment, and it accounted for 78 of ineligible (39.8%) and 49 of unwillingness cases (15.3%).
Treatment pattern of interferon-based therapy in a real-life setting
Of 541 treated patients, three received conventional interferon combined with RBV therapy in early 2008. However almost all patients 527 (44.2%) underwent pegIFN-based therapy: 11 pegIFN-α-2a (2.0%), seven pegIFN-α-2b (1.3%), 309 pegIFN-α-2a with RBV (57.1%), 193 pegIFN-α-2b with RBV (35.7%), and seven pegIFN-α-2a/b with RBV (1.3%) ( Table 3) .
Although response guided therapy is recommended by KASL guideline, 12 88% of subjects were treated based on a standard schedule (48 weeks for genotype 1/4 and 24 weeks for genotype 2/3/6). Shortened and extended therapies were performed in 59 (10.9%) and six subjects (1.1%), respectively (Table 3) . A total of 100 patients (18.5%) withdrew from antiviral treatment during scheduled therapy, and the major reason for the withdrawal was adverse events (66.0%) during antiviral therapy and no achievement of early virologic response (15.0%) ( Data are presented as number (%). HCV, hepatitis C virus. Table 3 . (B) Reasons for no treatment for chronic hepatitis C. Detailed information is provided in Table 2 
Treatment efficacy of interferon-based therapy in a real-life setting
Among 254 genotype 1 patients who received interferon at least once (intention-to-treat group), 192 (75.6%) completed their scheduled therapy (per-protocol group). Response rates in intention-to-treat genotype 1 patients were 37.4% (RVR), 76.4% (EVR; 61.4% cEVR, 15.0% pEVR), 74.0% (ETR), and 58.3% (SVR).
VB during therapy was detected in 3.5%, and relapse was observed in 16.1% after PR therapy (Fig. 3, Supplementary Table 1) . Null response to antiviral treatment was observed in 11.8% of genotype 1 patients. As per-protocol, RVR rate was 41.1%, EVR 84.4%, ETR 90.6%, SVR 70.8%, and relapse rate was 16.1% (Fig.  3, Supplementary Table 1 ).
In 275 genotype 2 patients, intention-to-treat response rates were 52.7% (RVR), 46.2% (EVR; 41.5% cEVR, 4.7% pEVR), 81.8% (ETR), and 74.5% (SVR). VB was detected in 1.5%, and relapse rate was 9.1% (Fig. 3, Supplementary Table 1) . Of genotype 2 patients, 35 (12.7%) withdrew from antiviral treatment before scheduled duration. As per-protocol, RVR rate was 56.3%, EVR 47.5%, ETR 88.8%, SVR 81.3%, and relapse rate was 7.9%. Null response to antiviral treatment was observed in 5.4% of genotype 2 patients (Fig. 3, Supplementary Table 1) .
Adverse events of any grade during interferon-based therapy were frequently observed in 455 patients (84.1%). Frequencies of adverse events during antiviral treatment in this study population were listed in Table 4 . Fig. 3 . Virologic response rates of interferon-based therapy for Korean patients with chronic hepatitis C infection. Detailed response rates are described in Supplementary Table 1 . ETR, end of treatment response rate; SVR, sustained virologic response rate. 
DISCUSSION
This study demonstrated that less than half of Korean patients with newly diagnosed chronic HCV infection who visited a tertiary hospital received anti-HCV therapy in the interferon-based era. The major reasons for no treatment were ineligibility due to medical condition (18.9%), concern for adverse events (22.3%), cost issue (21.5%), and old age (>75 years) (19.5%). About onethird of HCV patients completed interferon-based antiviral therapy, and the real-life SVR rate was suboptimal. These unmet needs found in the interferon-based treatment era point towards the already-coming DAA therapy era.
Previous studies regarding treatment initiation for chronic hepatitis C are few, especially in Asian regions, where HCV is overshadowed by the more prevalent hepatitis B virus infection. A recent U.S. study including 101,444 Veterans showed that treatment initiation rate was very low (7.4%), and those with genotype 2/3, non-white race, and Medicare or other insurances were correlated with high treatment initiation rates. 13 In a recent
Taiwan study, the treatment rate was 13.7% in the estimated HCV-viremic population of 554,361. 8 The treatment initiation rate reported in this study was much higher than in previous reports. This may be because of the study's enrollment of patients from hepatology clinics in tertiary hospitals, which may be settings more conducive to treatment initiation. Nonetheless, less than two-thirds of patients with chronic HCV infection visited tertiary hospitals in Korea. 14 Thus, the actual treatment initiation rate in the whole Korean chronic hepatitis C population would be much lower than our report. The most important reasons for no treatment (ineligibility) were old age and advanced liver disease such as decompensated liver cirrhosis or liver cancer. Despite the concern of limited indication of interferon-based therapy, the proportion of patients who could not be treated owing to contraindication of interferon or RBV was only 11.6%. Similarly, a previous U.S. population study reported that 15.2% of HCV-infected patients had at least one contraindication to PR therapy. 15 According to the study, hepatic decompensation (1.2%) was the third most common contraindication following bipolar disorder (6.5%) and anemia (5.9%), which were defined by ICD-9 diagnosis codes using the electric medical record. Therefore, increasing efforts to discover asymptomatic, young chronic hepatitis C patients before hepatic disease progression are expected to improve treatment initiation rates and subsequent successful treatment. Fear of adverse events was a major reason behind patient refusal to be treated with interferon-based treatment (46.8%). Actually, the majority of the patients (84%) experienced various adverse events during pegIFN/IFN plus RBV treatment in the present study, and it was higher than that reported in clinical trials as expected. 16, 17 However, most of the adverse events were manageable with supportive care; thus 82% of patients with adverse events were able to continue antiviral treatment.
The treatment discontinuation rate in the present study was similar to other real-world withdrawal rates 18 and randomized controlled trials. 16, 17 Medical cost was also a major obstacle to antiviral treatment initiation. Even though the cost of PR is much cheaper than DAA cost, it may be unaffordable to 21.5% of South Korean patients. The current monthly cost for PR in South Korea is about $500, and patients usually pay $150-200 per month after government insurance coverage. 19 Thus, reasonable cost for DAA therapy is of utmost importance for DAA accessibility in Korea as well as in other regions. Interestingly, genotype did not significantly affect treatment decision in the Korean population (58.3% in GT 1 vs 61.7% in GT 2, p=0.302, data now shown), which was not consistent with previous studies. 13, 20 In this multicenter study, the decision to initiate treatment was based on each physician's preference, which may have put different emphasis on genotype when deciding to initiate antiviral treatment. This may explain the wide range of treatment initiation rates seen between hospitals (34.4% to 93.9% in genotype 1, 33.3% to 92.3% in genotype 2), leading to no significant difference in treatment initiation rates between genotypes.
Response rates of PR therapy had been reported in many previous studies. 14, 18 Considering the favorable IL-28B genotype profiles found in about 90% of Koreans, 21 overall response rate for genotype 1 patients in the present study was better than those of Western countries. However, SVR rates (58.3% in genotype 1, 74.5% in genotype 2) in the present study were not as improved compared to previous reports before 2008 (~70% in genotype 1, 80% to 90% in genotype non-1).
22
This study was the first and the largest nationwide study to estimate the treatment initiation rate and real-life efficacy of interferon-based therapy in South Korea. Moreover, real-world practice patterns and follow-up loss rates with interferon-based anti-HCV therapy were described for a period immediately before the era of DAA. However, the present study had several limitations. First, all data were collected in tertiary hospitals. Thus the treatment initiation rate may have been overestimated. Secondly, reasons for patient refusal of antiviral treatment could not be described in 36.1% of not-treated patients due to limited information. Additionally, a patient's given reason might not correctly reflect the true background reason for refusing antiviral treatment including financial difficulties. Third, subjective adverse events may have been lost to record due to the retrospective design of the present study. Lastly, RVR and EVR were not measured in 30.3% and 21.9% of genotype 1 subjects, so these on-treatment response rates were not representative of actual rates, but they reflected real-world practice patterns of Korean physicians.
In conclusion, less than half of newly diagnosed HCV patients in South Korea initiated interferon-based antiviral therapy, one third of the patients completed the therapy, and the real-life SVR rate was suboptimal. Early diagnosis of HCV infection in young age or in nonadvanced stages of liver disease as well as DAA therapy available at a reasonable cost may fulfill these unmet needs.
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